Background-Arteries and veins are exposed to different pressures and are easily distinguished by morphology. Although several recent studies have focused on differential gene expression between the arterial and venous endothelium, the molecular distinctions that give rise to the dramatic structural distinctions between arteries and veins, such as in the organization of the intima, are not known. Methods and Results-We used high-density oligonucleotide arrays to analyze the transcriptional profile of the mouse aorta and inferior vena cava (IVC), not restricting our analysis to the endothelium, to identify genes whose expression was enriched in aorta over other tissues and the IVC. By quantitative reverse transcription-polymerase chain reaction analysis, these genes have been shown to be highly expressed in the mouse aorta and were either expressed at low levels or were undetectable in the murine IVC. By immunofluorescence analysis of human tissue, we determined that a subset of these aorta-enriched proteins exhibited a primarily intima-restricted expression. Intimal expression of at least a subset of these genes, plakoglobin, galectin 7, sciellin, and SPRR3, was also detected in other types of arteries but not in veins. Furthermore, SPRR3 expression in the intima was primarily associated with atheromas. The proteins identified are functionally related in that they are known to also be enriched in stratified epithelia, where they play an important role in stress-bearing and barrier properties. Conclusions-Vascular expression of these genes has not been reported previously. Our observations suggest that they may play a significant role in the mechanisms by which large arteries may adapt to biomechanical stress. (Circulation. 2005;111:2382-2390.) The online-only Data Supplement for this article can be found with this article at http://circ.ahajournals.org. Correspondence to P. Young
L arge-diameter arterial vessels such as the aorta are exposed to high-pressure flow and, in contrast to veins, characteristically are surrounded by a thick intimal and medial layer ( Figure 1 ). 1, 2 The vena cava and other veins have comparatively thin intima and media and sustain dramatically less pressure. 1 In fact, the predominant vascular feature when a vein is exposed to arterial flow is smooth muscle cell proliferation and matrix deposition that results in intimal thickening. 3, 4 It is widely believed that at least some aspects of the differences in the functional phenotype of vascular components, including the vascular endothelium and intimal smooth muscle cells in arteries and veins, are related to these hemodynamic considerations. 5, 6 Furthermore, many vascular diseases are limited to either arteries or veins. For example, the earliest atherosclerotic lesions are limited to large elastic and muscular arteries. 1, 7, 8 Consequently, one of the major initiatives of vascular biology is to understand this functional and anatomic heterogeneity at a molecular level. 7, 8 Because so little is known about the molecular differences between arteries and veins, we used high-density oligonucleotide arrays to analyze the transcriptional profile of the mouse aorta and inferior vena cava (IVC) to identify genes whose expression was enriched in aorta over other tissues and the IVC.
Methods

RNA Isolation and cDNA Synthesis
Vascular tissue was obtained from 6 C57BL/6 mice (Jackson Labs), aged 4 to 8 weeks, by careful dissection of the aorta (aortic arch to thoracic aorta) and IVC (the segment between the right atrium to just superior to the liver). The vascular samples were pooled before isolation of RNA. Various other tissues, including liver, spleen, kidney, brain, skeletal muscle, lung, pancreas, heart, and skin, were also obtained from 2 to 6 separate sets of C57BL/6 mice, pooled, flash-frozen, and processed to isolate RNA. Total RNA was isolated with TRIzol LS reagent (Invitrogen). Integrity of the RNA was confirmed by RNA with an A260/A280 ratio Ͼ1.9 and 28S/18S ratio of Ͼ1.4 (Agilent 2100 Bioanalyzer RNA 6000 LabChip kit).
Microarray Analysis
From the total RNA, biotinylated cRNA probes were generated, fragmented, and applied to Mouse MU74A (version 2) GeneChip arrays for aorta, skin, IVC, and heart; version 1 was used for other tissues, including heart (Affymetrix). The overall fluorescence intensity across each chip was scaled to 1500, and comparisons of the levels of transcripts were performed with Affymetrix analysis software, Microarray Suite 5.0 (MAS 5.0). A recent analysis found the same level of discordance across other algorithms used for data analysis as MAS 5.0. 9 -12 Hence, the present data analysis used only MAS 5.0 software, which has implemented algorithms for data analysis that are based on nonparametric statistical techniques. The detection probability value cutoffs to define "present" (P), "absent" (A), and "marginal" (M) were the default settings (any probability value falling below 0.04 is assigned "P"; above 0.06, "A"; and those between, "M"). 11 With the exception of heart tissue, which was run both on version 1 and version 2 chips, all other samples were analyzed by single microarray chip. The data obtained with the MAS 5.0 algorithms/statistical tests were imported into Spotfire Decision-Site software to examine expression across various tissues. Absolute calls (restricted to P, M, and A) were used to examine the frequency of present calls and further filter the data for the absolute calls with query devices. 13 Spotfire DecisionSite does not distinguish between origins of data; in the present analysis, this tool was used to filter the data on the basis of the call metric assigned by MAS 5.0. 13 No further normalization of data was performed. Genes for which expression was present in aorta and absent in other tissues queried (including IVC) were the main focus of the present analysis.
Quantitative Reverse Transcription-Polymerase Chain Reaction Analysis
cDNA was prepared from pooled samples of total RNA from aorta, IVC, esophagus, and skin. Each pooled sample represents tissue from 2 to 6 mice, and quantitative reverse transcription-polymerase chain reaction (qRT-PCR) analysis was performed in triplicate for each pool and averaged (nϭ1). qRT-PCR data for aorta and IVC represent the mean value of qRT-PCR data from 6 distinct pools of RNA (nϭ6) from 6 different groups of mice. qRT-PCR data from esophagus and skin represent the mean from 3 distinct pools of RNA from 3 different groups of mice (nϭ3). Each pooled sample was prepared and assayed independently. For aorta and IVC, 3 of 6 pools were obtained from 2-to 3-month-old mice and 3 pools were from 1-, 6-, and 12-month-old mice. For esophagus and skin, all pooled samples (nϭ3) were obtained from 2-to 3-month-old mice. We observed no significant age-dependent changes in gene expression. Therefore, data are expressed as nϭ6 for aorta and IVC and nϭ3 for esophagus and skin. Total RNA was purified on RNeasy mini column (Qiagen) per the manufacturer's protocol. cDNA synthesis was performed with random primers and the Superscript First-Strand Synthesis System for RT-PCR (Invitrogen). SYBR green qRT-PCR was performed with 1 L of cDNA reverse transcribed, 100 nmol/L of gene-specific primers, and SYBR green master mix (Applied Biosystems) in an Applied Biosystems ABI Prism 7700 sequence detector according to the manufacturer's protocol. Four or 5 serial dilutions of cDNA were used to create a standard curve from cycle thresholds to allow comparisons between samples. A standard curve of cycle thresholds for 18S ribosomal RNA transcript was used to normalize data between groups. All primer sets were analyzed with RTϩcDNA, RT-cDNA, and no template control before experimental use. The average cycle threshold of qRT-PCR reactions for an experiment was used to quantify the amount of mRNA relative to the standard curve by previously described methods. 14 The average fold induction and standard error for the distinct genes were calculated for each condition. 14 Data are presented as mean of the data obtained from separate experiments plus or minus SEM. Student t tests were performed to compare different data sets. A probability value of Ͻ0.05 was interpreted to denote statistical significance. Genespecific primers were designed with Primer Express 1.0 (Applied Biosystems) and spanned an intron for all genes studied. Amplification of a single polymerase chain reaction (PCR) product of the expected size was confirmed by polyacrylamide gel electrophoresis and with the dissociation curve. Sequences for the primer sets are available on request.
Immunofluorescence
Segments of human large arteries and veins were obtained from 5 autopsies from both male and female subjects who did not have a vascular cause of death. Five-micrometer sections were prepared from formalin-fixed, paraffin-embedded tissue blocks or 10-m sections were prepared from frozen tissue embedded in OCT. Immunofluorescence and immunohistochemistry on deparaffinized sections were performed after antigen retrieval in citrate buffer. original magnification ϫ20). Boundary between tunica intima and tunica media is not sharply defined in aorta by discernible internal elastic lamina but can be distinguished by staining characteristics such as degree of cellularity. Immunofluorescence of sections from paraffinembedded, formalin-fixed sections of human thoracic aorta (c-h) and human IVC (i and j) with antibody against human sciellin (c, e) or human plakoglobin (g, i) display specific staining of intima of aorta, particularly in region closest to lumen. DAPI staining of same slide showed location of nuclei. L indicates lumen; I, intima; and IEL, internal elastic lamina.
Baden, Department of Dermatology, Cutaneous Biology Research Center, Harvard Medical School, Massachusetts General Hospital, Boston, Mass), and desmocollin 1 (1:50, Research Diagnostics, Inc). Slides were washed and then incubated with appropriate secondary antibodies conjugated to fluorochromes (Molecular Probes). Slides were sealed with Vectashield mounting media (Vector Laboratories) with DAPI. SPRR3 and keratin 13 were also analyzed by immunohistochemical staining on a Ventana Gen System (Ventana Medical Systems) counterstained with hematoxylin. Control slides for mouse monoclonal antibodies were incubated with irrelevant mouse antibody of the same IgG subclass, whereas control slides for rabbit polyclonals were incubated with normal rabbit serum (Dako) before incubation with secondary antibodies. Slides were viewed on a Nikon Microphot-SA fluorescence microscope, and images were captured with a Colorview camera (Olympus) and AnalySIS software (Soft Imaging System).
Results and Discussion
Gene Expression Analysis Shows Overlap Between Skin and Aorta Expressed Genes
Of the genes queried (12 000 probe sets, 8619 unigene clusters), mRNAs represented by 271 probe sets were upregulated in the aorta over the IVC by Ն2-fold (raw data available in the Data Supplement). To determine which genes specifically discriminated for the aorta, we used Affymetrix and Spotfire software to identify a set of genes that were determined to be present in the aorta but absent in murine IVC, spleen, liver, kidney, brain, skeletal muscle, lung, pancreas, intestine, and heart. Transcripts represented by 93 probe sets were identified as present in the aorta and absent in the IVC and all other tissues used in the comparison. A subset of the probe sets (nϭ50), however, were absent from the Mu74A (version 1) used to analyze the other tissues (with the exception of the IVC, skin, and heart), and hence, their expression in these tissues could not be determined. In addition, other modifications of the probe sets present in the new version may have resulted in altered hybridization efficiency and, consequently, different absolute calls. 15 To evaluate the systemic variability resulting from the use of 2 different versions of GeneChip arrays, we reanalyzed the labeled murine heart cRNA used for analysis on version 1 on the version 2 chip. This analysis demonstrated that most probe sets (Ͼ88%) were assigned the same absolute calls on both versions (data not shown). When only the number of "P" calls for every probe set was analyzed, there was better correlation (Ͼ94%). 2D scatterplots of signal intensity (obtained from MAS 5.0 analysis) from the 2 chips were plotted against each other. The degree of deviation of the spots from the main diagonal was interpreted as a measure of systemic variation of intensity of expression. A Pearson correlation coefficient of 0.82 was calculated when the comparison was restricted to probe sets with signal intensities Ͼ1000 (data not shown), which supports reports from other laboratories that have validated the use of microarray data from different platforms. 15 Nevertheless, we realized that limiting our analysis to 1 chip for each set of pooled tissue (12 chips in all) limited the statistical confidence of the data; however, we used the microarray strategy only as the initial mechanism to tentatively identify genes of interest. All of the genes subsequently were analyzed by a more accurate experimental method on independently obtained, separate samples for quantifying differences in gene expression.
To our surprise, a striking number (22/93, 24%) of the genes expressed specifically in the aorta were previously reported to be enriched in skin and other stratified epithelia and represented 18 of the 40 highest-ranking signature genes in the experiment (Table 1) . 16, 17 The various tissues used in our initial analysis to select for aorta-enriched genes did not contain stratified epithelia. To rule out the possibility that the significant overlap between the genes expressed in the aorta and skin/stratified epithelia was not merely the result of our analysis strategy, we performed microarray analysis on pooled mouse skin RNA. We additionally examined the subset of genes coexpressed in the aorta with each of the other tissues, eg, heart, lung, and spleen, but which were absent in all other remaining tissues. This analysis was expected to identify a list of organ-specific (such as cardiac or liver) signature genes that were also expressed in the aorta. The liver, spleen, intestine, brain, heart, and lung contained an overlap of only 2 or 3 genes with the aorta. Furthermore, none of these genes represented tissue-enriched signature genes. The pancreas and skeletal muscle contained no genes in common with the aorta by this analysis. By contrast, 15% (22/147) of the genes present in the skin but absent in IVC, spleen, liver, kidney, brain, skeletal muscle, lung, pancreas, and intestine were also present in the aorta, which confirms the unexpected prevalence discerned by our initial analysis (data not shown).
Common Features of Cornified Cell Envelope in Skin and Aorta
We chose to further pursue this novel aorta/stratified epithelium common gene association (Table 1 ). These genes fell into 2 broad but overlapping categories: (1) a group highly enriched in stratified epithelia (ie, skin), many of them mapped to the epidermal differentiation complex, a region that contains many genes vital to epidermal differentiation 17, 18 ; and (2) a group of adhesive junction-related genes. Interestingly, many of the identified genes that fell within the first category, such as cytokeratin 13, SPRRs, sciellin, and members of the S-100 calcium binding protein family, are known to be involved in the formation of the cornified cell envelope (CE). 19 Terminally differentiating stratified squamous epithelial cells assemble a specialized structure on their periphery, termed "CE," that is composed of numerous structural proteins that become cross-linked by several transglutaminase enzymes into a macromolecular assembly that is critical to the mechanical and barrier properties of that tissue. 20, 21 Interestingly, aside from the enduring significantly greater biomechanical stress, the aorta also exhibits enhanced barrier function, as demonstrated by Evans blue dye exclusion experiments, compared with the IVC. 22 Some CE precursors have been described in nonstratified epithelia that have barrier properties. 23, 24 For example, the SPRR family members also serve as cross-bridging proteins linked to desmosomal desmoplakin, and sciellin has been identified in simple epithelia with barrier properties, like the amnion, that lack a CE. 25, 26 In general, however, expression of many of the CE precursor proteins outside of stratified epithelia, specifically vascular tissue, has not been described.
The expression of several CE precursor genes in the aorta led us to further query the GeneChip data (or perform qRT-PCR if transcripts were not represented on chip) to identify the vascular expression profile of other known components of the CE ( Table 2 ). Assembly of the CE is believed to initiate with the multimerization of periplakin, envoplakin, and involucrin, which are crosslinked by N⑀(␥glutamyl)lysine isopeptide cross-links by transglutaminase I (TG1). 21, 27 The formation of this scaffold is an early step in the assembly of CE structures of many different tissues that contain stratified squamous epithelia. Both periplakin and envoplakin were dramatically overexpressed in the aorta relative to the IVC (17-and 15-fold, respectively; Table 2 ). TG1 expression was not detected in IVC; expression in aorta was Ϸ2-fold lower than that detected in mouse skin or esophagus. Transglutaminase 3 (TG3), which also is involved in cross-linking during later steps of CE assembly, 20 was detected in the aorta at approximately the same level as in the skin and 6-fold higher than levels in the IVC. Cross-linking of cytokeratins to the components of the CE (eg, SPRRs and envoplakin) is critical in the coordination and maintenance of epidermal structure. 20, 21 Cytokeratin 13 (Tables 1 and 2) was found at high levels only in murine aorta. Other known CE precursor proteins, such as involucrin, filaggrin, elafin, annexin I, repetin, cystatin A, trichohyalin, and loricrin, 28 were not detected in murine aorta or IVC with the microarray analysis or by qRT-PCR (data not shown).
Cell Adhesive Junction-Related Genes Are Enriched in the Aorta Over IVC
A second subset of the skin-enriched genes identified in our microarray analysis represented components of adhesive junctions involved in cell-cell adhesion (Tables 1 and 2) . We were especially surprised by the identification of desmocollin I in the aorta, because desmosomes have not been detected in ultrastructural analysis of large vessels. 29 Expression of other desmosomal cadherins, desmocollin 2 and desmoglein 2, was also detected in low levels in both aorta and IVC, with similar signal intensity (data not shown), whereas desmocollin 3 was undetectable in both murine aorta and IVC. Plakophilin I is a member of the armadillo family of arm proteins that directly interact with cadherins located in both adherens junctions and desmosomes ( Table 1 ). 29 These junctions play an important role in providing strength to tissues that experience mechanical stress, such as heart and epidermis, and are highly expressed in these tissues. 29 -31 Plakoglobin belongs to the same family as plakophilin I, has a similar role in adhesive junctions, and has been shown to be important in interendothelial adhesion during shear stress. 32 We determined whether expression of plakoglobin was also enriched in the aorta. Plakoglobin expression in the murine aorta by microarray analysis was only modestly higher than in the IVC (Ϸ2-fold; Table 2 ).
qRT-PCR Confirms Microarray Results
For a subset of the genes, qRT-PCR was used as an independent method to confirm the gene expression differences between the artery and IVC and to compare the relative expression in the murine aorta to other tissues that contain cornified stratified epithelia, such as the esophagus and skin ( Table 2 ). For the majority of the genes tested that were called "absent" in the IVC by microarray analysis, the transcript was undetectable by qRT-PCR with a separate set of experimental samples (Table 2) ; however, low levels of galectin 7 expression (27-fold less than that in the aorta) were detected in the IVC by qRT-PCR. The precise function of galectin 7 is not yet known; however, its expression is linked to differentiation of skin. 33 The relative expression of many of these skinenriched genes in the aorta relative to mouse skin by qRT-PCR analysis varied (Table 2) , with generally higher expression in murine skin; however, mRNA expression of SPRR3 was higher in aorta than in skin. Interestingly, the level of expression of many of the genes involved in CE in the murine aorta was comparable to expression levels detected in the murine esophagus, a tissue with a defined CE ( Table 2 ). The magnitude of overexpression determined by qRT-PCR was similar to that determined from the signal intensity on the microarray for most of the genes, except plakoglobin. Relative expression of plakoglobin in the aorta was Ϸ8-fold higher than in the IVC by qRT-PCR, whereas the difference was only 2-fold by microarray analysis (Table 1) . Desmocollin I was detected in the aorta only at a relatively low level (signal intensity of 439). This is supported by the finding that expression in the aorta was Ͼ200-fold less than in murine skin. The difference of expression of each gene examined by qRT-PCR between the artery and vein was statistically significant.
This high level of correlation observed between the array and qRT-PCR data was anticipated given that the majority of aorta-enriched genes identified by our analysis represented transcripts detected with very high signal intensity. Studies from other laboratories have shown very strong reproducibil- N/A indicates not applicable because expression in IVC was not detected; UD, mRNA undetected by qRT-PCR; and ND, not determined because expression was limited to aorta by qRT-PCR.
*Denotes microarray data. †Unlike the majority of the SPRR family, expression was described to be low in skin, high in esophagus and cervix.
ity among this set. 12, 34 We also tested for a number of other functionally related transcripts that were not identified in our analysis (either because they were absent in the chip, eg, envoplakin, or because they were also expressed in other tissues, eg, plakoglobin transcripts were also detected in murine heart). In each case, we were able to confirm aorta-enriched expression, which provides further support for the association between the aorta and this group of skinenriched proteins.
Protein Expression of Selected Murine Aorta-Enriched Genes in Human Aorta and Other Arteries
Immunofluorescence and immunohistochemistry analysis with vascular tissue obtained from human autopsy samples was used to confirm whether protein expression was restricted only to the aorta and also to determine the vascular localization of a subset of these proteins. In each analysis (except for cytokeratin 13), the same slide was also stained with the nucleic acid dye DAPI to determine cellular localization within the tissue. Expression of sciellin, plakoglobin, galectin 7, SPRR3 (Figures 1 and 2) , and cytokeratin 13 (Data Supplement Figure I ) was restricted to the human aorta, not IVC (Data Supplement Figure II) . Expression of sciellin (Figures 1c and 1e ) and cytokeratin 13 (Data Supplement Figure I ) was restricted to the intima of the aorta, with the majority of staining in the portion of the intima closest to the lumen. An antibody specific for plakoglobin and galectin 7 stained cells throughout the intima (Figures 1g, 2a, and 2c) .
No specific staining was seen in the media or adventitia of the aorta for sciellin, cytokeratin 13, or galectin 7 (data not shown). Staining was absent in the human IVC with antibodies against sciellin, galectin 7, and SPRR3 (Data Supplement Figure II ). Although staining in the IVC was primarily absent with antibody to plakoglobin (data not shown), several isolated areas of punctate immunoreactivity were detected, particularly in regions in which the intima was thickened (Figure 1i ). This sporadic staining pattern was confirmed on 3 independent experiments; nonspecific staining due to autofluorescence was ruled out by careful examination of the other channels for fluorescence (data not shown). We noted that SPRR3 showed discontinuous staining throughout the aortic intima. To study the localization of SPRR3 further, we performed immunohistochemistry on various human arteries and veins. Interestingly, localization of SPRR3 was limited to atheromatous plaques in several artery-derived vessels and was not detectable in veins (Figure 3 ).
To determine whether expression of the newly identified intima-enriched proteins is restricted to the aorta, we performed immunofluorescent analysis of additional large arteries (iliac, renal, and right coronary) and the renal and pulmonary veins using antibodies that recognize plakoglobin, sciellin, or galectin 7. Expression of all 3 proteins was detected in an intima-enriched pattern in all arterial vessels ( Figure 4 ). Expression was absent in both types of veins; only data from the renal vein analysis is shown in Figure 4 .
Genes Present in IVC but Not Aorta or Other Tissues
Complementary analysis was performed to identify genes expressed in the IVC but absent in the aorta and all other tissues (excluding skin) used in the comparison presented for the aorta study. Transcripts represented by 17 probe sets were identified as present in the IVC and absent in the aorta and in murine spleen, liver, kidney, brain, skeletal muscle, lung, pancreas, intestine, and heart. Of these, all but 2 had signal intensities below 1000 in the IVC. This is noteworthy because "P" calls made by MAS 5.0 perform well at high concentrations but are much less reliable at the low concentrations reflected by the low signal intensity. 12, 34 We could not discern any functional relationships among these genes ( Table 3 ).
Comparison of Adult Aorta Gene Expression With Reported Artery/Vein Specified Genes
There are only a few known artery-or vein-specific genes. 7, 8 EphrinB2 is expressed in developing arteries, whereas EphB4 is expressed in veins. 35, 36 However, analysis of the vena cava of adult mice in whole mount revealed patchy staining of the lacZ reporter targeted to the ephrinB2 locus. 35, 36 Expression of EphB4, which is considered specific for venous endothelium, was detected in lower levels in the wall of the adult dorsal aorta. 35 More recently, Lawson and colleagues 37, 38 and Zhong et al 39 have described expression of the Notch and Gridlock family of genes in precursors of endothelial cells, in which they promote arterial fate and repress venous differentiation. Unlike the ephrin genes, these and other differentially expressed genes have pronounced differences that exist only during early development. 38 The expression profile of some of these genes in our microarray analysis is provided in Table 4 and did not demonstrate restricted expression. Several recent reports have also used microarray analysis to identify the molecular basis for the structural and functional diversity in vessels, particularly in endothelial cells. 40 -43 Many of these studies have been aimed at the identification of endothelial genes that are regulated by arterial levels of shear stress using in vitro models. 40 -43 Because the present study used whole-vessel homogenates, not just endothelium, we suspect that our platform lacks the sensitivity to identify the distinctions between the arterial and venous endothelium reported by others. Hence, the message detection levels of many of these genes were detected both in the aorta and IVC at similar levels in our analysis ( Table 4 ).
Using gene array to compare the gene expression profile of the aorta and IVC, we have identified several genes that are expressed specifically in the arterial but not venous intima. The tunica intima is composed of a single layer of endothelium that lines the lumen, smooth muscle cells, and connective tissue; the major cell type of the intima is the intimal smooth muscle cell. 1 A surprising number of these arterial intima-enriched genes are also enriched in stratified epithelia, such as the epidermis. 17 A number of these represented precursors of the CE and proteins involved in adhesive junctions. 17, 21 The identification of such a large number of known CE precursor proteins and proteins involved in cellcell adhesion in the arterial intima suggests that they may play a role in the long-recognized enhanced barrier and stress-bearing properties of arteries compared with veins. 22 Expression of SPRR3, specifically, appears to be associated with atherosclerotic plaques. The biomechanical disruptions around atherosclerotic plaques have long been described but are not well understood. 44 Although the aorta has a number of CE precursors, it lacks some of the important components, such as involucrin, which is suggested to be a ubiquitous component of CEs in all stratified epithelia. 20 Together with the fact that a CE has not been morphologically demonstrated in the aorta or large arteries, it is unlikely that the aorta contains a classic CE; however, these data raise the possibility that it may contain a less well-developed CE. Alternatively, these precursors may be participating in the cytoplasmic cross-linking of structural proteins. The human phenotype of known mutations in a few CE precursors usually manifests as various skin deformities, such as ichthyosis and hyperkeratosis. 20 Although vascular defects in such conditions have not been appreciated and linked yet, it will be interesting to study such patients to determine whether there is greater predisposition to arterial pathology, such as atherosclerosis or aneurysms.
Interestingly, the aortic intima at birth is limited to a lamina of endothelial cells that closely abuts the internal elastic lamina. 1 During growth and development, there is proliferation and development of the intima in the large arteries, and in the aorta, it expands to Ϸ0.2 mm in adults. 1 It is hypothesized that biomechanical stress represents an important stimulus for differentiation of not just the endothelium but the entire intima. 1, 5 Future studies to examine the role of arterial intima-enriched proteins in intimal smooth muscle cells during vascular adaptation to biomechanical stress are under way.
